INTRODUCTION
A Scanning Acoustic Microscope (SAM) is a device used to identify the difference of the local acoustic properties at surface or subsurface of solid materials using high frequency surface wave, usually above 100 MHz. The major function of the SAM is to visualize the internal microstructures of materials. The other is to measure the surface wave velocity with the V(Z) curve. If the surface wave velocity could be accurately measured using the V(Z) curve, it is possible to evaluate the surface stresses within very localized region with the acoustoelastic law.
For measuring acoustoelastic coefficients with the SAM, surface wave velocity should be measured within deviation of 0.01%. Due to this difficulty, few papers have reported on the dependence of the surface wave velocity on the stress for metals [1] [2] [3] .
In this paper, we describe an accurate method of measuring the surface wave velocity using a conventional SAM with a minor, but so effective modification and suitable signal processing of the V(Z) curve. Further, we show the measured results on the surface wave velocity of silica glass, and acoustoelastic coefficients of an aluminum alloy ( A2017 ).
V(Z) CURVE AND SURF ACE WAVE VELOCITY
The V(Z) curve is a plot of signal received by an acoustic lens as a function of the distance Z from the sample surface to the focal plane of the York. 1995 acoustic lens. A typical V(Z) curve is shown in Figure 1 . As shown in Figure 2 , The periodic dips in the V(Z) curve are caused by the interference of two components of the acoustic waves; the wave traveling along the path #A (Ao -Ar ..... Ao) and the wave propagating along the path #B ( Bo -Bl -B2 -B3). Along B1B2, the surface wave is induced, and this wave is reradiated from the sample surface into water at B2. Using the ~Z values which is the oscillation interval of V(Z), the surface wave velocity VR is given [4] by:
where vw is the sound velocity in water, and f is the operating frequency.
EXPERIMENTAL METHOD hnprovement of Scanning Acoustic Microscope
To measure the V(Z) curves, the SAM ( OLYMPUS UH3) shown in Figure 3 (a) had initially used with a 200 MHz line-focus beam lens. However it was not appropriate for high precision measurement of the surface wave velocity. Thus simple improvements to the SAM shown in Figure 3 . A high resolution (0.16 pm) displacement sensor was attached to the SAM to measure accurately the defocus distance. The sensor outputs were sampled by a desk top computer through an AID converter. The sample was fixed in a water tank so that the temperature of the specimen would be kept constant due to the large thermal capacity of water. The acoustic measurement portion of the SAM was covered by a vinyl tent to stabilize the ambient temperature.
Signal Processing of the V(Z) Curve
The displacement sensor with 0.16 pm resolution was not sufficient for the precise measurement of the distance Z. Therefore, the resolution was improved by averaging the signal from the sensor 20 times at each step of Z.
The V(Z) signal at each step of Z, say every 0.5 pm, was averaged 16 times.
The V(Z) increases with fluctuation as Z approaches to zero ( see Figure 1 ). The accuracy of caluculating the 6Z is improved by eliminating the long wave length component, often called ''background'', from the V(Z) curve [5] . Thus, the signal processing procedure, shown in (c) A few points around the peak of the discrete FFT power spectrum were fitted by a parabola. By interpolating the parabola, the true peak was estimated. Thus the 6Z was determined up to 0.002 ,um.
The water temperature was sensed by a thermistor fixed near the acoustic lens. The time required to measure the one V(Z) curve was about 5 minutes. The change in the water temperature was within 0.02 K during one V(Z) curve measurement.
The sound velocity in water, vw, was estimated by using the approximate function [6] with the water temperature measured.
Measurement of Acoustoelastic Coefficient of Aluminum
To measure the acoustoelastic coefficient, a small tensile testing machine, shown in Figure 5 , was constructed. Figure 6 shows the tensile specimen. The testing machine applied a maximum force 2.5 kN to the specimen in water with an air cylinder and a lever. The tensile strains were monitored using strain gauge. During the stressing, the point to be measured by the SAM moved slightly. The measurement point was kept within 5 ,um by cancelling this movement.
RESULTS

Surface Wave Velocity of Silica Glass
A fused silica plate (TOSHIBA T4040) of 5 mm thichness was used for evaluating the accuracy of measurement the surface wave velocity, for reference. The surface wave velocity obtained by the consecutive ten measurements are listed in Table 1 . The standard deviation is 0.19 mlsec. The ratio of the standard deviation to the mean wave velocity is 5.6X10-5 .. This is nearly the same resolution of the surface wave velocity as that reported [7] . The acoustoelastic coefficient of rolled aluminum alloy (A2017) was measured with the SAM and the tensile testing machine. Photo 1 shows the microstructure of the aluminum alloy. of which grain diameters are about 30 p'm and about 26 pm in the rolled and in the transverse direction direction respectively. The surface of the specimen was polished with a #2000 SiC abrasive paper. This surface roughness is sufficient for measuring the accurately surface wave velocity [8] . Figure 7 shows the surface wave velocity VR in the rolled direction as a function of the applied stress <1. The acoustoelastic coefficient Kl in the direction of the applied stress is given by:
The acoustoelastic coefficient Kl obtained from Figure 7 is -2.67 X 10-5 lMPa. This value is consistent with the reported values of aluminum alloy [2] [3] with the SAM. The value is about double of VR measured with the sharp wedge technique [9] [10] [11] .
DISCUSSION
The length of area observed by the SAM, BIB2 in Figure 2 , is 115 pm -30 pm for defocus distance -200 pm --50 pm. The axial length of the line-focus beam lens is 800 pm. For the aluminum specimen, the number of crystal grains included in the spot is about 120 -30. Further more, the penetration depth of the surface wave of 200MHz is about 15 pm. Therefore, the SAM measures only the velocity at the layer of the crystals. Due to these nature, it is very important to measure the same spot of the specimen. Otherwise, it is necessary for measuring the V(Z) curves at many points and averaging the results. The last procedure is very important for the stress measurement of real compornents. 
CONCLUSION
An attempt has been made to measure precisely the surface wave velocity within very localized region using a Scanning Acoustic Microscope. To achieve the required precision of VR for acoustoelastic stress measurement, say 1 part in 10000, two major modifications were made to the conventional SAM. The defocus distance was sensed with a high resolution displacement sensor. For each measurement, the distance as well as the output of V(Z) were averaged many times. The very low frequency components in V(Z) curve was eliminated by a digital filtering. The distance between peaks in the V(Z) curve was calcurated within 0.002 ,um. Thus, the relative standard deviation of VR is less than 10-4 for fused silica.
With this technique, the acoustoelastic coefficient of an aluminum alloy (A2017) was measured with a line-focus beam lens of 200 MHz. The measured acoustoelastic coefficient Kl is -2.67 X 10-5 lMPa. This value is consistent with the those reported so far.
